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Abstract
Sexual-cycle abnormalities are an important cause of infertility in bitches, with disorders
such as anestrus, split estrus, and persistent estrus having varied etiologies. Sexual-cycle
abnormalities  in  bitches  may be addressed as  follicular-  or  luteal-phase disorders.
However, pet owners should have a good working knowledge of the sexual cycles of their
animals in order to better understand these disorders.
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1. Introduction
Sexual-cycle abnormalities in bitches may present as anestrous, shorter, or longer cycles, as well
as prolonged proestrus, prolonged estrus, split estrus, or anovulatory cycles. These cycle
disorders may result from abnormal ovarian functions and are a cause of infertility [1].
1.1. Anestrous
Anestrous cycles in bitches may be either primary or secondary. If a bitch does not show signs
of estrus despite having reached age of puberty, anestrous cycles are primary. The age of
puberty in bitches is 6–14 months. In general, the “primary anestrus” diagnosis may be used
if estrus has not occurred and the cycle has not started by 24 months of age. Although some
small breeds experience first estrus at 6 months of age, cycles accompanied by estrus signs
may be delayed, since the first cycles may be silent. Therefore, cycle problems are not usually
investigated until a bitch reaches 2 years of age. A diagnosis of “secondary estrus” is used if
estrus has not occurred for 10–18 months, although first estrus had occurred. In other words,
secondary estrus is defined as the presence of a period longer than 10–18 months between
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estruses. Normally, bitches experience estrus at 4–10 month (mean 6–7 months) intervals.
Cycles shorter than 4 months or longer than 10 months are abnormal and can cause infertility
[2–6].
Factors that lead to primary anestrus include ovariectomy or ovariohysterectomy at early age,
silent heat (subestrus), abnormalities in sexual differentiation (chromosomal and genetic
disorders), use of progesterone or glucocorticoids, congenital hypothyroidism, certain
systemic diseases, ovarian anomalies or ovarian aplasia, progesterone-releasing ovarian cysts,
and autoimmune oophoritis [2, 7].
Secondary anestrus may result from dysfunction of the thyroid gland or adrenal cortex, as well
as nonendocrinological disorders, cachexia, obesity, and use of cycle-inhibiting drugs. Silent
heat, luteal cysts, and some ovarian tumors may also lead to secondary anestrus as well as to
primary anestrus [4, 5].
1.1.1. History of ovariohysterectomy
If taken from another person, the bitch may have been sterilized, which a new owner may
overlook. Presence of a tattoo in the inguinal region and palpation or inspection of a scar from
operation in the ventral wall of the abdomen may be indicators of ovariohysterectomy.
However, it should be kept in mind that such a scar may be present if any intra-abdominal
operation has been performed, so it may be premature to conclude that the scar resulted from
ovariohysterectomy. Serum LH level measurement may be used to identify bitches that have
undergone ovariohysterectomy, as serum LH is continuously high in such bitches as a result
of the absence of negative feedback on LH (because the ovaries have been removed). Although
elevation in serum LH provides information about ovariohysterectomy, note that this indicator
may also be seen in ovarian dysfunction or during the preovulatory period (i.e., the preovu-
latory LH peak). Therefore, repeated measurements are required to confirm and experimental
laparotomy may also be performed for a definitive diagnosis [8]. Whether ovariohysterectomy
has been performed may also be detected by measuring the serum estrogen level before and
60–90 min after intravenous administration of 0.02–0.03 μg/kg buserelin. If ovariohysterecto-
my has been performed, estrogen levels will be found above 15–20 pg/mL.
Anti-müllerian hormone (AMH) measurement may also show whether a bitch has undergone
ovariohysterectomy. AMH levels are found to be significantly lower in bitches that have
undergone ovariohysterectomy compared to nonsterilized bitches [9, 10].
1.1.2. Silent heat (subestrus)
Silent heat is defined as the maintenance of ovarian functions without the presence of vulvar
edema, serosanguinous vaginal discharge, and charm for male dogs. Silent heat may be
observed for several cycles before first estrus in younger bitches of smaller breeds. These
animals may be evaluated as “anestrus” because the pet owner may not find the external signs
of estrus, or they may be identified as healthy male dogs although ovarian functions continue
normally.
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If silent heat is suspected, serum progesterone level should be measured once monthly in order
to verify that the ovaries are functioning. A serum progesterone level above 2 ng/mL indicates
functional luteal tissue. Observation of increasing superficial epithelial cells in regular vaginal
cytological examinations is an indicator of functional ovaries [5].
1.1.3. Disorders of sexual development
Normal sexual development occurs in three stages: (1) chromosomal (genetic) sex develop-
ment, (2) gonadal sex development, and (3) phenotypic sex development. Therefore, disorders
of sex development and differentiation are classified into three matching groups: (1) sex
chromosome disorders, (2) gonadal sex development disorders, and (3) phenotypic sex
development disorders. All three groups of disorders result in abnormal sex differentiation
and may vary in presentation between genital structure of normal and obscure appearance,
and all three groups of disorders may lead to sterility or infertility [11–13].
Chromosomal analysis, anatomical and histopathological definitions of the gonads, and
examination of the internal and external genitalia are required for the definite diagnosis of
dogs suspected to have disorders of sexual development [11, 14].
1.1.4. Drug-related anestrus
Long-term use of some drugs, such as androgen and progestogens, causes anestrus by
inhibiting cycles. Exogenous glucocorticoid administration is also reported to affect serum LH
level and the normal cycle. Puberty is inhibited due to suppression of genital-canal develop-
ment and ovarian activity in bitches that have undergone administration of long-acting GnRH
agonists like deslorelin [15].
Similarly, cyclic activity may not be observed for a long time in prepubertal bitches that have
been actively immunized against GnRH [16].
A comprehensive anamnesis should be obtained from the pet owner if drug-related anestrus
is suspected; sufficient data must be obtained regarding the medical history of the bitch. If a
pet owner has recently acquired the bitch and if he or she has no or insufficient information
about previous vaccinations and medications, drug-related anestrus should always be
considered. In such situations, the only treatment is to wait until the effects of the drug(s)
disappear or until the antibody titration decreases, if immunized against GnRH.
1.1.5. Thyroid dysfunctions
There is an indirect and strict association between thyroid dysfunction and reproductivity.
Hypothyroidism leads to reproductive disorders such as prolonged anestrus, silent heat,
prolonged proestrus, and ovulatory problems. The prolactin level increases, which leads to
impair or no development of ovarian follicles by inhibiting GnRH in bitches that have
insufficient thyroid hormone release [17].
In bitches, hypothyroidism usually manifests as primary hypothyroidism, resulting from
destruction of the thyroid gland. The serum total and free thyroxin levels are low in bitches
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with thyroid dysfunction. Thyrotropin-releasing hormone (TRH) secretion from the hypo-
thalamus increases due to low levels of thyroid hormones; consequently, thyroid-stimulating
hormone (TSH) secretion from the pituitary gland increases. As a result of this totally phys-
iological process, low serum total and free thyroxin levels and elevated serum TSH levels are
observed in bitches with primary hypothyroidism [7].
Hypothyroidism should be kept in mind in the presence of numbness or mental fatigue, hair
loss, weight increase or obesity, dryness or loss of body hair, hyperpigmentation, cold intol-
erance, bradycardia, high plasma cholesterol level, or anemia in a bitch with an anestrous
problem. Measurement of only thyroid hormones may yield misleading or conflicting results.
Therefore, a full thyroid profile should be obtained and a definitive diagnosis made in bitches
suspected of hypothyroidism. For this purpose, the serum-free thyroid hormone level
(particularly T4 measurement) and the response of the thyroid gland to TSH administrations
should be investigated. Furthermore, autoantibodies against thyroxin (T4) and triiodothyro-
nine (T3) or thyroglobulin should be investigated in serum, as they are produced in most
bitches with lymphocytic thyroiditis [7, 18, 19].
The sexual cycle may return to normal with hormone replacement therapy within 3–6 months
in bitches diagnosed with hypothyroidism. For this purpose, synthetic thyroid hormone
(levothyroxin) should be administered through the peroral route. A dose of 22 μg/kg b.i.d. is
usually sufficient.
Although hyperthyroidism with consequent primary anestrus is a rare condition in bitches, a
case has been reported in a Pinscher dog with diet-related hyperthyroidism in which primary
anestrus developed; the bitch reached proestrus 13 days later after dietary regulation, with
estrus then induced by cabergoline [20].
1.1.6. Pituitary gland insufficiency
The pituitary gland is important for the endocrinological functions of the adrenal glands,
thyroid gland, and the ovaries. Abnormalities of the pituitary gland also negatively affect these
organs. Prolonged anestrus is unusually seen in bitches with dwarfism caused by a congenital
anomaly. Ovariohysterectomy is recommended in bitches that show prolonged anestrus
related to pituitary gland insufficiency [6].
1.1.7. Systemic diseases
Such diseases may negatively affect reproductive function. Cycles probably will not develop
if an animal is unhealthy.
1.1.8. Ovarian anomalies
Progesterone-releasing ovarian cysts, ovarian aplasia, and oophoritis may lead to primary
anestrus. Definitive diagnosis can be made by histopathological examination of the ovarian
tissue [21].
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1.2. Approach to bitches with anestrous problems
First, it should be determined whether the pet owner has correct and sufficient knowledge of
the cycle and estrous signs of bitches. The age of the bitch and whether it has experienced
ovariectomy, ovariohysterectomy, or administration of any drug or vaccine (especially GnRH
vaccine) should be determined. Serum progesterone level should be monitored monthly for
6–8 months before any intervention in anestrous bitches. In normal bitches, the serum
progesterone level rises above 2 ng/mL within 2 months after estrus; progesterone level below
2 ng/mL for 6–8 months definitely indicates prolonged anestrus. In addition, vaginal epithelial
cells should be monitored for any alterations with weekly vaginal smears.
Routine blood and urine tests (complete blood count, biochemical analysis) and thyroid
function tests should be performed following general examination in anestrous bitches.
Progesterone measurement and ultrasonographic examination of the ovaries should be carried
out whenever luteal cyst or tumor of the ovaries is suspected. Karyotype analysis should be
performed if developmental anomalies of the genital organs are suspected (such as hermaph-
roditism) [5].
Treatment of primary or secondary anestrus is targeted towards its etiology. No treatment is
available if a bitch has undergone ovariectomy or ovariohysterectomy or in the presence of
congenital sex development or differentiation anomalies, ovarian aplasia, or autoimmune
oophoritis. Ovariohysterectomy is recommended for autoimmune oophoritis. Hormone
replacement therapy may be administered in bitches determined to have hypothyroidism-
related anestrus [22].
Estrous stimulation may be performed in anestrous bitches for which the underlying cause
cannot be detected. Synthetic estrogens (diethylstilbestrol), dopamine agonists (bromocriptine
and cabergoline), GnRH agonists (lutrelin, buserelin, fertirelin, deslorelin, leuprolide), or
exogenous gonadotropins (LH, FSH, hCG, PMSG) may be administered for this purpose [23,
24].
Dopamine agonists are effective for stimulating fertile estrus in most bitches; however,
prolonged use may be required. Bromocriptine (Parlodel, Gynodel) or cabergoline (Galastop,
Dostinex) is used for this purpose. Bromocriptine is less preferred, as it causes vomiting and
requires lengthy periods of administration in order to stimulate estrus. Although more
expensive than bromocriptine, cabergoline may induce estruses effectively and safely with
fewer side effects. Cabergoline is usually recommended at a dose of 5 μg/kg daily via the
peroral route until 3–8 days after proestrus has begun [23–25].
Using GnRH and its analogs may also induce estruses. However, prolonged use for 8 days or
longer or long-acting analogs such as lutrelin, deslorelin, or leuprolide is needed to induce
fertile estrus. It is impractical to induce estrus by using short-acting natural GnRH or GnRH
agonists, because GnRH should be given as a pulsatile continuous infusion at a dose of 0.2–
0.4 μg/kg every 90 min via the intravenous or the subcutaneous route for 3–9 days. This requires
3–9 days of hospitalization and the availability of a pulsatile infusion pump. Long-acting
formulations of GnRH analogs such as lutrelin, deslorelin, and leuprolide have been quite
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successful when implanted subcutaneously or submucosally. Deslorelin-containing implants
(Suprelorin®, 4.7 mg deslorelin) are used most frequently for this purpose [23–27].
Hypophyseal (FSH and LH) and chorionic (PMSG and hCG) gonadotropins are also used for
inducing estruses. It has been found that chorionic gonadotropins are more successful than
hypophyseal gonadotropins in bitches. Although various protocols have been attempted,
successful results have been reported with 20 IU/kg/d PMSG applied subcutaneously for 5
days, with 500 IU intramuscular hCG on day 5. PG600, a preparation containing PMSG and
hCG first produced for pigs (80 IU PMSG and 40 IU hCG/mL), is quite effective for inducing
estruses [8, 28].
1.3. Recurrent estrus (shortened interestrous intervals or polyestrous)
The mean duration between estruses is 7 months (4–13 months) in bitches, and the long part
of the cycle (2–10 months) comprises a mandatory anestrus phase following diestrus. In the
anestrous phase, the uterus enters the involution process and the endometrium is regenerated.
Anestrus shorter than 2 months naturally results in repetition of estrus at 4-month or shorter
intervals, which is defined as “recurrent estrous.” It should be kept in mind that the estrous
period is shorter in breeds such as the German Shepherd Dog, Rottweiler, Basset Hound, Cocker
Spaniel, and Labrador Retriever. Fertility decreases in bitches with recurrent estrus [29] from two
major causes: (1) overstimulation of the ovaries due to the formation of follicular cysts and
granulose cell tumors and (2) a premature decrease of progesterone during diestrus [21].
The period between estruses may be prolonged up to 6 months by using a weak androgen,
mibolerone (Cheque Drops), recommended at a dose of 30–180 μg per day to suppress es-
truses [1, 30].
Furthermore, if infertility resulted from short estrous period, bitches are reported to return to
normal fertility in the following cycles when estrus is suppressed with synthetic progestin
administration. For this purpose, 2 mg/kg per day megestrol acetate or 0.5 mg/kg per day of
chlormadinone acetate may be administered for 8 days, so administration should begin within
a maximum of 3 days following the beginning of proestrus [29].
1.4. Prolonged interestrous interval
Prolonged interestrous interval is defined as an interestrous period longer than 12 months.
While estrus repeats 12–13 months after the previous estrus (prolonged interestrous interval)
in some adult bitches, some are not observed to experience estrus again for a long time
(secondary anestrus). It should be kept in mind that the interestrous period is longer in breeds
such as the Basenji and Tibetan Mastiff compared to other breeds. Secondary anestrus may result
from hypothyroidism, administrations of hyperadrenocortisolism, hyperprolactinemia,
progesterone-secreting ovarian cysts, progestogen, androgenic or anabolic steroid substances,
systemic diseases, poor nutrition, or housing in an inappropriate environment. Thyroid
function should be evaluated first in bitches with prolonged interestrous intervals. Cycles
typically return to normal when the underlying cause is treated [5].
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1.5. Prolonged estrus (persistent estrus)
The mean duration of estrus is 9 days in an adult dog, which may sometimes be prolonged up
to 3 weeks. Estrus of longer than 21 days with the absence of ovulation at the end of this long
period is defined as prolonged estrus. Prolonged estrus is related to persistent and elevated
estrogen levels, which remain continuously high during the estrous phase of the cycle. This
disorder is encountered frequently in younger bitches, especially during the second cycle [1].
The most important clinical signs of the continuation of estrus include cornification in vaginal
epithelial cells, continuation of the desire for copulation, vulvar edema and swelling, and
hyperemia in vaginal mucosa for longer than 21 days. The serum progesterone level is low,
while estrogen level is high.
Persistent estruses are usually related to an estrogen-releasing source, which may be an
anovulatory follicle, follicular cysts, or functional ovarian tumors (granulose cell tumors). The
follicles that develop in bitches receiving exogenous gonadotropins in order to experience
estrus may sometimes lead to prolonged estruses. Exogenous estrogen administration for the
treatment of urinary incontinence or vaginitis, hormone replacement therapy, and prevention
of undesired pregnancy may also cause persistent estruses. Persistent estrus may also develop
alongside tumors of the hypophysis or the hypothalamus or in a hepatic disease defined as
portosystemic shunting in which an abnormal vascular junction is formed between the hepatic
portal vein and the systemic circulation. In these cases, metabolism of estrogen in the liver is
impaired.
Determination that 90% or more of the cells in a vaginal smear specimen are permanently
cornified on cytological examination and nondetection of the normal increase in serum
progesterone levels (remaining within the preovulatory range <2 ng/mL) indicate prolonged
estrus. Detection of serum estrogen level is not a reliable method for diagnosis [1].
The first step in treatment should include a determination of the source of estrogen causing
prolonged estrus. For this purpose, the ovaries should be examined ultrasonographically for
the presence of abnormal structures (e.g., ovarian cyst, granulose cell tumor); if ovarian
structures cannot be identified by ultrasonographic examination, exploratory laparotomy
should be performed, followed by biopsy, if required.
Follicles or follicular cysts causing prolonged estrus may heal spontaneously. If estrus is
determined to last longer than 3 weeks, interventions are recommended in order to prevent
bone marrow hypoplasia and/or pyometra. Treatment options should match the pet owner’s
expectations regarding having a puppy; if a puppy is not expected, ovariohysterectomy is the
best option.
Ovulation or luteinization may be obtained by GnRH or hCG injections into follicles if the pet
owner wants a puppy. hCG administration at a dose of 22 IU/kg via the intramuscular route
for 3 days and GnRH (gonadorelin) administration at a dose of 10 μg/kg via the intramuscular
route for 3 days are recommended. Copulation is not recommended, as the target of these
applications is not the induction of ovulation but rather the termination of the signs of
prolonged estrus [1]. Ovariohysterectomy is inevitable in cases in which no response is
obtained from medical applications and in prolonged estrus cases due to ovarian tumors [5].
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Megestrol acetate (Ovaban, Ovarid) may be applied to reduce the signs of prolonged estrus.
Low doses of megestrol acetate are recommended via the peroral route for 2 weeks. A dose of
0.1 mg/kg is proper for the first week, and a dose of 0.05 mg/kg is proper for the second week.
Although progesterone treatment with megestrol acetate is effective in bitches with persistent
estrus, there is the potential to trigger the development of cystic endometrial hyperplasia.
Therefore, the treatment is contraindicated for bitches to be later considered for copulation. In
general, ovariohysterectomy is performed within 3 weeks after treatment with progesterone
in bitches with persistent estrus.
Bone-marrow suppression related to long-term estrogen toxicity may develop in bitches with
persistent estrus. Nonregenerative anemia and thrombocytopenia are observed in such
bitches [31]. Therefore, erythropoiesis-stimulating agents, such as synthetic erythropoietin,
darbepoetin, granulocyte-colony stimulating factor, and granulocyte-macrophage colony-
stimulating factor, may be used beside proper antibiotic and blood products in bitches that
have anemia due to bone-marrow suppression. In addition, lithium [30, 32], synthetic anabolic
steroids such as nandrolone decanoate (Deca-Durabolin), or a dihydrotestosterone derivative
such as stanozolol (Winstrol) can be quite useful [33, 34].
1.6. Prolonged proestrus (persistent proestrus)
Prolonged proestrus is defined as a proestrous phase that is not followed by an estrous phase
and that lasts 3 weeks or longer. In bitches with prolonged proestrus, estrus and ovulation do
not occur, as the estrogen level insufficiently increases during the proestrous phase.
Prolonged hemorrhagic vaginal discharge, cornified cells higher than 50–90% on examination
of vaginal smear, and serum progesterone level remaining below 2 ng/mL indicate prolonged
proestrus. Treatment principles are similar to those for prolonged estrus.
1.7. Split estrus
Split estrus is a disorder in which no or quite short estrous signs develop despite the presence
of proestrous signs. In this situation, pregnancy usually does not develop even if copulation
occurs; the bitch is observed to enter proestrus again within 3–4 weeks. In these bitches, the
next cycle is usually a normal ovulatory cycle.
Split estrus is usually seen in young bitches that have shown first estrus. However, continuous
or frequent split estruses should suggest chronic premature luteolysis or hypothyroidism. Split
estrus may be confused with recurrent estrus (short interestrous interval). Ovulation will not
develop in dogs showing split estrus but without the typical progesterone elevation. The
condition usually recovers spontaneously [1, 7].
1.8. Anovulatory cycle
A serum progesterone level not exceeding 2 ng/mL despite cytological estrous signs is defined
as anovulation. Although the cell type in vaginal cytology is noncornified, diestrous-specific
progesterone elevation does not occur, and the bitch enters anestrus.
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The most typical signs are low serum progesterone levels and the absence of ovulation during
the days after copulation in a bitch showing proestrous and estrous signs. Its incidence is about
1%. The following ovulatory cycles were observed to be normal in 45% of bitches that had an
anovulatory cycle [1, 21, 35].
Thus, treatment is usually not required in bitches with an anovulatory cycle. hCG or GnRH
may be administered, if desired; however, their application carries the potential to trigger
pyometra [1, 21].
2. Conclusion
There are many factors leading to abnormalities in the sexual cycle of bitches. A decent
anamnesis is required to find out the causes of these abnormalities. Supporting the anamnesis
information by clinical and laboratory examinations is of importance for the accuracy of the
diagnosis. Vaginal cytology among the diagnostic methods should be used and interpreted
efficiently. Accuracy of the diagnosis forms the first step of an effective treatment. Uses of
hormones, particularly gonadotropins, come into prominence in the treatment of sexual
abnormalities in these animals.
Author details
Ali Risvanli*, Halis Ocal and Cahit Kalkan
*Address all correspondence to: arisvanli@firat.edu.tr
Department of Obstetrics and Gynecology, Faculty of Veterinary Medicine, University of Firat,
Elazig, Turkey
References
[1] Meyers-Wallen VN. Unusual and abnormal canine estrous cycles. Theriogenology
2007;68:1205–1210.
[2] Johnston SD. Clinical approach to infertility in bitches with primary anestrus. Vet Clin
North Am Small Anim Pract 1991;21:421–425.
[3] Kalkan C, Ocal H. Reproductive physiology. In: Kaymaz M, Findik M, Risvanli A, Koker
A, editors. Obstetric and Gynecology in Bitches and Queens. 1st ed. Malatya: Medipres;
2013. p. 27–62.
Abnormalities in the Sexual Cycle of Bitches
http://dx.doi.org/10.5772/64648
135
[4] Holyoak GR, Makloski C, Morgan GL. Abortion, abnormal estrous cycle, and infertility.
In: Lorenz MD, Neer TM, DeMars P, editors. Small Animal Medical Diagnosis. 3rd ed.
USA: Wiley-Blackwell; 2013. p. 337–354.
[5] Nak D, Kasikci G. Infertilty. In: Kaymaz M, Findik M, Risvanli A, Koker A, editors.
Obstetric and Gynecology in Bitches and Queens. 1st ed. Malatya: Medipres; 2013. p.
223–273.
[6] Feldman EC, Nelson RW. Canine and Feline Endocrinology and Reproduction. 3rd ed.
USA: Saunders; 2004.
[7] Grundy SA, Feldman E, Davidson A. Evaluation of infertility in the bitch. Clin Tech
Small Anim Pract 2002;17:108–115.
[8] Kustritz MVR. The Dog Breeder's Guide to Successful Breeding and Health Manage-
ment. Philadelphia: Saunder Company; 2006.
[9] Place NJ, Hansen BS, Cheraskin JL, Cudney SE, Flanders JA, Newmark AD, Barry B,
Scarlett JM. Measurement of serum anti-Müllerian hormone concentration in female
dogs and cats before and after ovariohysterectomy. J Vet Diagn Invest 2011;23:524–527.
[10] Turna Yilmaz O, Toydemir TS, Kirsan I, Gunay Ucmak Z, Caliskan Karacam E. Anti-
Mullerian hormone as a diagnostic tool for ovarian remnant syndrome in bitches. Vet
Res Commun 2015;39:159–162.
[11] Lyle SK. Disorders of sexual development in the dog and cat. Theriogenology
2007;68:338 343.
[12] Poth T, Breuer W, Walter B, Hecht W, Hermanns W. Disorders of sex development in
the dog-adoption of a new nomenclature and reclassification of reported cases. Anim
Reprod Sci 2010;121:197–207.
[13] Meyers-Wallen VN. Gonadal and sex differentiation abnormalities of dogs and cats.
Sex Dev 2012;6:46–60.
[14] Christensen BW. Disorders of sexual development in dogs and cats. Vet Clin North Am
Small Anim Pract 2012;42:515–526.
[15] Marino G, Rizzo S, Quartuccio M, Macrì F, Pagano G, Taormina A, Cristarella S, Zanghì
A. Deslorelin implants in pre-pubertal female dogs: short- and long-term effects on the
genital tract. Reprod Domest Anim 2014;49:297–301.
[16] Liu Y, Tian Y, Zhao X, Jiang S, Li F, Zhang Y, Zhang X, Li Y, Zhou J, Fang F. Immunization
of dogs with recombinant GnRH-1 suppresses the development of reproductive
function. Theriogenology 2015;83:314–319.
[17] Chastain CB. Canine pseudohypothyroidism and covert hypothyroidism. Probl Vet
Med 1990;2:693–716.
Canine Medicine - Recent Topics and Advanced Research136
[18] Johnson CA. Thyroid issues in reproduction. Clin Tech Small Anim Pract 2002;17:129–
132.
[19] Scott-Moncrieff JC. Clinical signs and concurrent diseases of hypothyroidism in dogs
and cats. Vet Clin North Am Small Anim Pract 2007;37:709–722.
[20] Sontas BH, Schwendenwein I, Schäfer-Somi S. Primary anestrus due to dietary
hyperthyroidism in a miniature pinscher bitch. Can Vet J 2014;55:781–785.
[21] Fontbonne, A. Infertility in bitches and queen: recent advances. Rev Bras Reprod Anim
2011;35:202–209.
[22] Simpson C, Devi JL, Whittem T. Bioavailability of two L-thyroxine formulations after
oral administration to healthy dogs. Aust Vet J 2013;91:83–88.
[23] Kutzler MA. Estrus induction and synchronization in canids and felids. Theriogenology
2007;68:354–374.
[24] Wiebe VJ, Howard JP. Pharmacologic advances in canine and feline reproduction. Top
Companion Anim M 2009;24:71–99.
[25] Gobello C, Castex G, Corrada Y. Use of cabergoline to treat primary and secondary
anestrus in dogs. JAVMA 2002;220:1653–1654.
[26] Fontaine E, Mir F, Vannier F, Gérardin A, Albouy M, Navarro C, Fontbonne A. Induction
of fertile oestrus in the bitch using Deslorelin, a GnRH agonist. Theriogenology
2011;76:1561–1566.
[27] Walter B, Otzdorff C, Brugger N, Braun J. Estrus induction in Beagle bitches with the
GnRH-agonist implant containing 4.7 mg Deslorelin. Theriogenology 2011;75:1125–
1129.
[28] Popescu MC, Nicorescu V, Codreanu I, Crivineanu M. General considerations accord-
ing to pituitary versus placental gonadotrophins activities in bitch. Vet Med
2012;58:302–305.
[29] Wanke MM, Loza ME, Rebuelto M. Progestin treatment for infertility in bitches with
short interestrus interval. Theriogenology 2006;66:1579–1582.
[30] Tilley LP, Francis WK, Smith JR. Blackwell's Five-Minute Veterinary Consult: Canine
and Feline. 6th ed. USA: Wiley-Blackwell; 2015.
[31] Sontas HB, Dokuzeylul B, Turna O, Ekici H. Estrogen-induced myelotoxicity in dogs:
A review. Can Vet J 2009;50:1054–1058.
[32] Chalhoub S, Langston CE, Farrelly J. The use of darbepoetin to stimulate erythropoiesis
in anemia of chronic kidney disease in cats: 25 cases. J Vet Intern Med 2012;26:363–369.
[33] Shimoda K, Shide K, Kamezaki K, Okamura T, Harada N, Kinukawa N, Ohyashiki K,
Niho Y, Mizoguchi H, Omine M, Ozawa K, Haradaa M. The effect of anabolic steroids
Abnormalities in the Sexual Cycle of Bitches
http://dx.doi.org/10.5772/64648
137
on anemia in myelofibrosis with myeloid metaplasia: retrospective analysis of 39
patients in Japan. Int J Hematol 2007;85:338–343.
[34] De Bosschere H, Deprest C. Estrogen-induced pancytopenia due to a sertoli cell tumor
in a cryptorchid Beauceron. Vlaams Diergen Tijds 2010;79:280–284.
[35] Arbeiter K. Anovulatory ovarian cycles in dogs. J Reprod Fertil 1993;47:453–456.
Canine Medicine - Recent Topics and Advanced Research138
